Bathymetry predicted from vertical gravity gradient anomalies and ship soundings  by Minzhang, Hu et al.
Geodesy and Geodyoamics 2014,5(1) :41-46 
http :l/www.jgg09.com 
Doi: 10.3724/SP .!.1246.2014.01041 
Bathymetry predicted from vertical gravity gradient anomalies and 
ship soundings 
Hu Minzhang1"2"3 , Li Jiancheng3 , Li Hui1"2"3 and Xin Lelin1"2 
1 K.y LolJeratery of Eart/ujuake Gea<ksy, Institute of SeisTIWlogy, Chino. Eart/ujuake Administration, Wuhan 430071, Chino. 
2 Wuhan Base of Institute of Geodynamics, Chino. Eart/ujuake Administration, Wuhan 430071, Chino. 
3 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, Chino. 
Abstract: In this paper, the admittance function between seafloor undulations and vertical gravity gradient 
anomalies was derived. Based on this admittance function, the bathymetry model of 1 minute resolution was 
predicted from vertical gravity gradient anomalies and ship soundings in the experimental area from the 
northwest Pacific. The accuracy of the model is evaluated using ship soundings and existing models, including 
ETOP01, GEBCO, DTU10 and V15. 1 from SIO. The model's STD is 69. 481m, comparable with V15. 1 
which is generally believed to have the highest accuracy. 
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1 Introduction 
The high resolution bathymetry model is needed for re-
searching on ocean geophysics , biology , and climate 
science , but ship soundings still cover the ocean 
sparsely even after decades of years of surveying. It will 
be very difficult to create a 1 minute bathymetry model 
just relying on ship soundings in the near future. The 
technological advance of satellite altimetry provides a 
new approach to high resolution bathymetry model con-
struction. Dixon et al 111 showed that bathymetry of the 
ocean can be predicted from altimetry data. The follow-
ing studies show that altimetric gravity anomalies can 
be used to predict bathymetry at the waveband 20-200 
km1'-'1• Smith and Sandwell1' 1 developed a method to 
construct a high resolution bathymetry model from ship 
soundings and altimetric gravity anomalies. According 
Received :2013-09-03; Accepted: 2014-02-14 
Corresponding author: Hu Minzbang, E-mail:hum:inzhang@ 126.com 
This work is supported by the Director Foundation of Institute of Seismolo-
gy, China Earthquake Administration ( 15201326125) and the National 
Natural Science Foundation of China ( 41204019, 41304003) . 
to S&S method , the long wavelengths ( > 200 km) ba-
thymetry models were constrained by ship soundings , 
and bathymetry of shorter wavelengths ( 20- 200 km) 
was predicted from gravity anomalies. 
At present, nearly all the high resolution global ba-
thymetry models were constructed from ship soundings 
and satellite altimetry gravity anomalies. The bathyme-
try model will depend on gravity anomalies at the wave-
band 20-200 km, and must be careful when analyzing 
the isostatic mechanism of sea floor with these models 
and gravity anomalies. W ang171 pointed out that this 
problem of depending can be avoided if the bathymetry 
model can be predicted from vertical gravity gradient a-
nomalies ( VGG) , and derives equations used to finish 
the work in the space domain. The method of Wang was 
not implemented because of low signal-to-noise ratio of 
VGG. Wu et al 1' 1 constructed a 2 minute bathymetry 
model in the South Chins Sea with VGG and ship 
soundings, but its accuracy is lower than ETOP02. Hu 
et al 1' 1 studied this issue using simulated data. 
In this paper, a 1 minute bathymetry model is con-
structed using ship soundings and VGG in a 2x2 de-
gree region in the northwest Pacific. The ship sound-
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ings are obtained from National Geophysics Data Center 
( NGDC ) , and used to establish long wavelength 
( >200 km) bathymetry. The VGG is downloaded from 
SIO ( Scripps Institute of Oceanography ) , UCSD, 
V20. 1, and used to predict bathymetry at the wave-
band 20-200 km. The model accuracy is evaluated by 
comparing the result with ship soundings and the exist-
ing models, and the result can show that a high resolu-
tion and accuracy bathymetry model can be predicted 
from VGG and ship soundings. 
2 Method 
Parker1 !Ol derived an equation which can be used to 
calculate gravity anomalies from seafloor undulations. 
Based on the derivative theorem of Fourier Transform 
and formula ( 4) in Parker's paper, we generate the e-
quation for calculating VGG from seafloor undulations 
directly: 
.1G,(k)= 
where, k = 211'/ A is the wave number, A is the wave-
length, .1G,(k) is the Fourier Transform of VGG, G is 
the gravitational constant, p c is the density of seafloor 
crust, Pw is the density of sea water, d is the mean wa-
ter depth, H( k) is the Fourier Transform of seafloor 
undulations, h ( x) is the seafloor undulations in space 
domain, F is the symbol of Fourier Transform. There is 
no isostatic effect in equation ( 1 ) , which will be used 
at the waveband 20-200 km. 1f we take into account 
the upward continuation of ocean depth , the equation 
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( 1 ) can be simplified to : 
.1G,(k) = 2-rrG(p. - P.V'"'kH(k) (2) 
The admittance function between seafloor undula-
tions and VGG is: 
(3) 
We use VGG to predict bathymetry at the waveband 
20-200 km , therefore : 
H(k) = Z (k) -1.1G,(k) (4) 
According to equation ( 4) , after downward continu-
ation and divided by k , the relationship between 
.1G.(k) andH(k) will be linear. Due to inhomogeneity 
of seafloor density , the linear coefficient will be com-
puted from ship soundings and VGG. 
The predicted model will be the sum of the long 
wavelength model from ship soundings and residual ba-
thymetry predicted from VGG. That means : 
(5) 
where, h.,... ( x ) is the predicted result, h1.,. ( x ) can 
be gotten by low-pass filter of grids from ship sound-
ings, and hvGG(x) is predicted from VGG. 
The data processing procedure can be illustrated by 
figure 1. According to figure 1 , firstly, ship soundings 
were processed to form grids and which are then fil-
tered by 200 km low-pass Gaussian filter to establish 
h'- ( x ) . Secondly, residual depths on ship tracks 
( hre,ida~ ( x') ) should be prepared for calculating S 
( x'). The reference depths of ship points are interpolated 
VGG 
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Figure 4 Colummcy between aeafloor topography 111111 VGG 
grid with GMT[n], which were filtered to determine 
htoas (X) ( Fig.S ) . 
Secondly, the VGG_BP Cor bathymetry prediction is 
prepared ( Fig.6) . 
Thirdly, on ship points, the depth-to-VGG ratios 
can be calculated from residual depth and VGG_BP 
with equation ( 6) , then to form S ( x ) on the grid 
(Fig.7). 
At the waveband 20-200 km, by multiplying VGG_ 
BP ( Fig. 6 ) S ( x) ( Fig. 7 ) , we get the bathymetry 
model hvGG ( x) , as shown in figure 8. 
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Finally, the 1 minute bathymetty model in the stud-
ied area ( Fig. 9) will be the sum of the long wave-
length model (Fig. 3) and bathymetry predicted from 
VGG (Fig.8). 
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The accuracy of the result can be evaluated with ship 
soundings not used in the bathymetry construction pro-
cedure ( Tab.2). The result will be compared with the 
existing models (Tab. 3). The SIO V15. 1 model is 
generally believed to have the highest accuracy. Table 
2 illustrates the differences between V15. 1 and other 
models respectively. 
In both tables, prediction A is established based on e-
quation (7) and prediction B is improved from prediction 
A with the approach described by Smith and Sandwell [ "l . 
GEBCO is a global topcgraphy model from International 
Hydrographic Organization ( IHO) , from ship sound-
ings and historical counter maps. DTU10 is established 
based on GEBCO and altimetric gravity anomalies by 
Technical University of Denmark. ETOP01 is a global 
topography model released by NGDC, in connection to 
the SIO model predicted from ship soundings and alti-
metric gravity anomalies by Smith and Sandwell["l. 
The mean model depth of the studied area is about 
4515m, and the relative accuracy is STD-to-mean 
depth ratio. Tables 2 and 3 indicate that the accuracy 
of our bathymetric models is better than ETOPOl , GE-
BCO, and DTU10, and comparable with V15.l. 
4 Discussion and conclusions 
A data processing procedure is proposed to predict a 
high-resolution bathymetry model from VGG and ship 
soundings. The accuracy of the result validates the the-
ory of the bathymetry prediction , but the influence of 
crust isostasy and high-order terms in equation ( 1) 
must be discussed here. 
The influence of crust isostasy can be ignored for the 
following two reasons. Firstly, the long wavelength ba-
thymetry can be constructed from ship soundings and 
only bathymetry of wavelengths shorter than 200 km 
was predicted from VGG. Secondly, generally speak-
ing, the isostatic mechanism of seafloor is unknown 
and the computing procedure will be complicated if we 
take into account isostatic parameters. The high order 
terms in equation ( 1 ) have short wavelength character-
istics. The signal-to-noise ratio of VGG is low at the 
short wavelength. Both the influence of high order term 
and noise will be suppressed after band-pass filtering 
by a 20- 200 km Gaussian filter. In order to simplify 
the data calculating procedure, the high-order terms in 
Table 2 Statistics of tbe dlfferen<es b-een model deptbs and ship soundings (unit: m) 
Model Min Max Mean STD RMS Relative accuracy 
Prediction A -316.586 269.100 -7.203 90.809 90.869 2.0% 
Prediction B -263.494 177.138 -6.199 69.418 69.522 1.5% 
GEBCO -810.341 840.269 83.921 303.837 314.469 6.7% 
DTU10 -644.498 711.406 131.004 296.961 323.861 6.6% 
ETOPOI -588.378 585.779 10.199 235.961 235.597 5.2% 
VIS. I -193.685 328.464 -2.163 66.493 66.374 1.5% 
Table 3 Statlstlcs of tbe differences between model deptbs (reference to VlS.l; unit: m) 
Model Min Max Mean STD RMS 
Prediction A -I 500.891 987.176 -37.171 165.738 169.850 
Prediction B -I 489.891 1 014.176 -32.269 150.699 154.110 
GEBCO -3 614.738 2 681.027 65.487 422.298 427.331 
DTU10 -I 950.240 I 732.119 53.168 300.383 305.042 
ETOPOI -I 440.891 1 217.188 43.283 216.969 221.237 
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equation ( 1 ) were ignored. 
In conclusion, the procedure proposed here can be 
used to predict the high resolution bathymetry model 
from VGG and ship soundings. The accuracy of predic-
ted models out performed the existing models , such as 
GEBCO, DTU10 and ETOP01, and are comparable 
with the SIO V15. 1 model. 
References 
[ 1 ] Dixon T H, Naraghi M, McNutt M K and Smith S M. Bathymet-
ric predictions from SEASAT altimeter data. J Geophys Res., 
1983' 88' 1563-1571. 
[ 2 ] Hwang C. A bathymetric model for the south China sea from satel-
lite altimetry and depth data. Marine Geodesy, 1999, 22: 37-
51. 
[ 3] Luo Jia, li Jiancheng and Jiang Weiping. Bathymetry prediction 
of South China Sea from satellite data. Geomatics and Information 
Science of Wuhan University, 2002, 27(3): 0256-0260. (in 
Chinese) 
[ 4 ] Huang Motao, Zhai Guojun, Ouyang Y ongzhong and Zhou Hong-
shan. The recovery of bathymetry from altimeter data. Geomatics 
and Information Science of Wuhan University, 2002, 27 ( 2) : 
133-137. (;n Chin...,) 
[ 5 ] Fang Jian and Zhang Chijun. 2'x2'sea floor bathymetry prediction 
of China sea and its vicinity. Geomatics and Information Science 
of Wuhan University, 2003, 28 ( Z3) : 38-40. 
[ 6 ] Smith W H F and Sandwell D T. Bathymetric prediction from 
dense satellite altimetry and sparse shipboard bathymetry. J Geo-
phys Re•., 1994, 99, 21803-21824. 
[ 7] Wang Yanming. Predicting bathymetry from the Earth's gravity 
gradient anomalies. Marine Geodesy, 2000, 23( 4) : 251-258. 
[ 8] Wu YWlSun, Chao Dingbo, li Jiancheng and Wang Zhengtao. 
Recovery of ocean depth model of South China Sea from altimetric 
gravity gradient anomalies. Geomatics and Infonnation Science of 
Wuhan Uoivernty, 2009, 34(12), 1423-1425. (in Chine••) 
[ 9 ] Hu Minzhang, li Jiancheng and li Dawei. Bathymetry prediction 
from vertical gravity gradient anomalies. Journal of Geodesy and 
Geodynamic•, 2012, 32(5), 95-98. (in Chineoe) 
[ 10] Parker R L. The rapid calculation of potential anomalies. Geophys 
J R Astt Soc., 1973, 31, 447-455. 
[ 11 ] Wessel P and Smith W H F. Free software helps map and display 
data. Eos Trans AGU., 1991, 72: 441-445. 
[ 12] Smith W H F and Sandwell D T. Global seafloor topography from 
satellite and ship depth SOWidings. Science, 1997, 277: 1956-
1962. 
